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Effective Lagrangian models of charmonium have recently been used to estimate
dissociation cross sections with light hadrons. Detailed study of the symmetry proper-
ties reveals possible shortcomings relative to chiral symmetry. We therefore propose a
new Lagrangian and point out distinguishing features amongst the different approaches.
Using the newly proposed Lagrangian, which exhibits SUL(4) × SUR(4) symmetry and
complies with Adler’s theorem, we find dissociation cross sections with pions that are
reduced in an energy dependent way, with respect to cases where the theorem is not
fulfilled.
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1. Introduction
The theoretical study of matter under extreme conditions enjoys a wide range of
application, from the physics of the early Universe, to that of relativistic nuclear
collisions. The latter offer the tantalizing possibility of recreating in the laboratory
the conditions that prevailed roughly a microsecond after the Big Bang. The the-
ory of the strong interaction, Quantum Chromodynamics (QCD), predicts a phase
transition from normal hadronic matter to a plasma of quarks and gluons 1. To
find a signature of this new state of matter represents a task which has generated
tremendous activity both in theory and in experiment. Of the many signals put for-
ward as probes of the quark-gluon plasma, the suppression of the J/ψ yield enjoys
a popular status 2.
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Indeed, since charmonium is predominantly produced in the early stage of the
nuclear collisions through hard processes, it acts as a probe for the subsequent
stages. The original idea was that the presence of a quark-gluon plasma (QGP)
will screen the long-range confining force between c-c¯, leading to the decoherence of
the pair 2. This suppression mechanism was later augmented by the possibility of
charmonium dissociation by hard gluons in a deconfined medium 3. But, in order
to identify the true nature of a possibly new phase, it appears necessary to quantify
the J/ψ-light hadron interaction. This requirement on the J/ψ cross-sections with
light mesons is not a trivial one to satisfy, as there are no direct experimental
measurements. One has to rely on theoretical calculations based, for example, on
QCD sum-rules 4, on quark-potential models 5,6, on extented Nambu and Jona-
Lasinio models 7,8, or on effective SU(4) mesonic Lagrangians 9,10,11,12,13. These
lead typically to cross-sections from a few tenths of a millibarn to a few millibarns
near threshold 4.
Specifically, for the effective mesonic Lagrangians found in Refs 11, 12, 13, once
form factors have been folded-in to account for short-range interactions, the dissoci-
ation cross-section by pions reaches a few millibarns. But concerns have been raised
about using such models: (i) the SU(4) symmetry used to describe the pseudoscalar
and vector meson interactions is questionable as it is broken, (ii) the form factors
accounting for the finite size of the mesons do not proceed from the formalism as
in other models 4,6, and (iii) the J/ψ+π → D∗+ D¯ process does not vanish in the
soft-pion limit for non-degenerate vector meson masses as expected from Adler’s
theorem 14. In this contribution we will outline the consequence of implement-
ing the soft-pion theorem (i.e., Adler’s theorem) on the dissociation cross-section
of J/ψ + π → D∗ + D¯ by constructing a Lagrangian invariant under the global
SUL(4)× SUR(4) symmetry group.
2. Adler’s theorem
A spontaneously broken symmetry not only implies the existence of Goldstone
bosons, but also constrains their low-energy behaviour. Here we will consider the
transition amplitude for emitting one Goldstone boson (the proof can easily be ex-
tended to more than one). Following Weinberg 15, we first note that the current
operator can create a Goldstone boson
〈0|Jµ(x)|B〉 = i Fq
µ
(2π)32E
e−iq·x, (1)
where F is the decay constant. We expect the matrix element 〈β|Jµ(x)|α〉 to then
have a pole term. Indeed, in general, we can write
〈α|Jµ(0)|β〉 = Nµβα + i
Fqµ
q2
MBβα, (2)
where MBβα is the desired transition amplitude for emitting one Goldstone boson,
and Nµβα is assumed to be the pole-free contribution. Applying the current conser-
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vation constraint, we then find that
MBβα =
i
F
qµN
µ
βα (3)
and we see that as q → 0 the RHS vanishes. Historically, this property was first
studied by Adler 16, and rests on the assumption that Nµβα has no singularity as
q → 0. This is not valid in general, since a pole may arise through the insertion
of the current operator on an external line 17. MBβα can then have a non-vanishing
contribution in the soft limit due to emission of a soft Goldstone boson off an
external line. But for chiral-symmetric and normal-parity mesonic Lagrangians such
an insertion is impossible and we expect the theorem to hold. We will now explicitly
check that decoupling occurs for the process π+ + ρ0 → π+ + ρ0 in two chiral-
invariant Lagrangians.
2.1. Chiral model with pi, ρ, and a1 mesons
We first build the effective chiral Lagrangian as in Ref. 18 yielding
L = 1
2
Tr [∂µφ∂
µφ]− 1
4
Tr
[
FVµνF
µν
V + F
A
µνF
µν
A
]
+
1
2
m2V Tr
[
V 2µ
]
+
1
2
m2ATr
[
A2µ
]
+ LV φφ + LAV φ + LV V φφ + · · · , (4)
where φ is the pseudo-scalar field, FV and FA are the field strength tensors for
the vector and axial vector mesons respectively. The model has three parameters,
namely the pion decay constant, Fpi , the vector mass,mV , and the universal coupling
constant, g. The axial vector meson mass is related to the vector mass in this model
and thus is not an input parameter.
It is then seen that the process under consideration, namely π+(p1) + ρ
0(q1)→
π+(p2)+ρ
0(q2), involves 5 tree-level diagrams for the given particle content: π- and
a1-mediated exchanges both in s and t channels, and through a 4-point interaction
(Fig 1).
Extracting the relevant interaction terms results in the five off-shell amplitudes
iM1µν = iΓ1†µ
i
s−m2pi
iΓ1ν, (5)
iM2µν = iΓ1†µ
i
t−m2pi
iΓ1ν, (6)
iM3µν = iΓ2†µα
−i[gαβ − (p1 + q1)α(p1 + q1)β/m2A]
s−m2A
iΓ2νβ, (7)
iM4µν = iΓ2†µα
−i[gαβ − (q2 − p1)α(q2 − p1)β/m2A]
t−m2A
iΓ2νβ, (8)
iM5µν = iΓ3µν , (9)
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+
Fig. 1. ρ0 + pi+ → ρ0 + pi+.
where the vertex functions are
Γ1µ = −
g√
2
[
kµ + pµ − (1− Z
2)
m2V
(q · kpµ − q · pkµ)
]
, (10)
Γ2µν = −
ig√
2
(1 − Z2) 12
mV
{
(m2A + q
2 − k2)gµν − qµqν + kµkν
}
, (11)
Γ3µν = 2
[
g2
2
(1− Z2)
2m2V
{−2p1 · p2gµν + p1µp2ν + p2µp1ν}+ g
2
2Z2
gµν
]
, (12)
for π+(p) + ρ0(q)→ π+(k), π+(p) + ρ0(q)→ a+1 (k), and the four-point interaction,
respectively, and the shorthand Z2 =
(
1− g2F˜ 2pi
4m2
0
)
.
Having now the full amplitude for the given process, we wish to see if the pseu-
doscalar decoupling theorem holds. The presence of the contact term in the 4-point
interaction leads us to expect cancellations to occur as we let one of the pions’
4-momentum go to zero. Stated differently, since the ρ-meson was introduced in a
chirally symmetric way by adding its chiral partner (i.e. a1), the transition ampli-
tude relies on help from the a1 in what amounts to a delicate cancellation allowing
the pion to decouple. To show this, we contract the amplitudes with the appropriate
polarization vectors, and then let p2 → 0 (a similar proof can be shown to hold for
p1 → 0). First it is seen that the amplitudes involving the π-exchange go to zero
because of transversality (i.e ǫ(q) · q). For a1-exchange in the s-channel we find (the
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same result is true for the t-channel)
iM3 = ǫ∗µ(q2)

iΓ2†µα(p2 → 0)−i
[
gαβ − qα2 q
β
2
m2
A
]
m2V −m2A
iΓ2νβ

 ǫν(q1)
= − ig
2
2
1
m2V
ǫ∗µ(q2)
[
m2Agµν − q1µq1ν +
q1 · q2
m2A
q2µq1ν +
m2V
m2A
q2µq2ν
]
ǫν(q1)
= − ig
2
2Z2
ǫ∗(q2) · ǫ(q1). (13)
The last line comes about again due to the orthogonality condition. Finally, the
4-point interaction reads
iM5 = ig
2
Z2
ǫ∗(q2) · ǫ(q1), (14)
and thus the full amplitude is shown to vanish as expected. Note the cancellation
between the 4-point interaction and the a1 channels. In summary, even though the
pions are not coupled through gradient coupling for all interaction terms, the net
amplitude still vanishes due to intricate cancellations amongst all the channels.
2.2. Chiral model with pi and ρ mesons
In the previous section the axial mesons were introduced as the chiral partners
of the ρ fields resulting in a linear realization of the symmetry 19. In the present
case, since the desired chiral Lagrangian will involve only pseudoscalar and vector
mesons, both will then have to transform non-linearly under the symmetry. This is
done by gauging-away the axial mesons 20 and yields
L = −1
4
Tr [Fµν(ρ)F
µν(ρ)] +
1
2
m2V Tr[ρ
2
µ]
+
F 2pi
4
(1 + k)Tr [∂µζ∂
µζ] + i
F 2pi gV φφ
2
Tr
[
ρµ
(
∂µζζ
† + ∂µζ
†ζ
)]
+
F 2pi
4
(1− k)Tr [ζ†∂µζ†ζ∂µζ] , (15)
where the input parameters are now m2V , gV φφ, Fpi , and k, and the field strength
tensor is Fµν(ρ) = ∂µρν − ∂νρµ − ig[ρµ, ρν ].
In this model there are only two diagrams, namely s - and t -channels of pion
exchange. The relevant interaction Lagrangian is
Lρpipi = −i gρpipi
2
Tr [ρµ[φ, ∂µφ]] , (16)
and the extracted vertex for the s- and t- channels is
Γ
′
1
µ = −
gρpipi√
2
(pµ + kµ) , (17)
(18)
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with k = p+ q and k = p− q, respectively. The two amplitudes are then
iM1µν = iΓ
′
1†
µ
i
s−m2pi
iΓ
′
1
ν , (19)
iM2µν = iΓ
′
1†
µ
i
t−m2pi
iΓ
′
1
ν . (20)
We immediately see that the soft pion theorem holds separately for each amplitude
when the proper polarization vectors are contracted with the amplitudes.
3. Application to the J/Ψ dissociation
We first start by noting that all the effective Lagrangian models found in the lit-
erature 11,12,13 are invariant under SUV(4) (in the degenerate mass limit), but
not under the extended chriral symmetry, i.e., SUL(4)× SUR(4), and therefore we
expect the pions will not decouple in soft-momentum limit. Specifically, here we
will compare the J/ψ+π→ D∗+ D¯ cross-section as calculated within the SUV(4)–
only models found in Refs 11, 12, 13 and with the Lagrangian of Eq. (15) extended
to the SUL(4)× SUR(4) symmetry group. For the SUV(4) models, three diagrams
need to be considered (Fig. 2), while for the extended chiral model proposed here,
the contact interaction is absent. It can be explicitly shown that the pseudoscalars
decouple in the soft momentum limit for that latter case 21.
ΨJ/ D
(D*)ΨJ/ D
(D*)(D*)
(D*)
DΨJ/
D
q 2
q q
pp
p1
1
2 1
1
p 2
q 2
q p
qp
2
2
1
1
(2)
pi D*
(D)
(D)
(3) (D*)D*pi
(D)(D)
D*
(1)
pi D*
(D)
Fig. 2. J/ψ + pi → D∗(D¯∗) + D¯(D).
The differential isospin-averaged cross-section is given by
dσ
dt
=
1
128πsp21
MµνMαβ
[
gµα − q2µq2α
m2D∗
] [
gνβ − q1νq1β
m2J/ψ
]
, (21)
where the appropriate model-dependent squared amplitude is used, an isospin factor
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of two has been included and the centre of mass momentum is
p21 =
1
4s
λ(s,m2pi,m
2
J/ψ) (22)
and the triangle function is λ(x, y, z) = x2 − 2x(y + z) + (y − z)2. Integrating over
the kinematical range defined by
t± = m
2
pi +m
2
D∗ −
1
2s
(s+m2pi −m2J/ψ)(s+m2D∗ −m2D)
± 1
2s
λ1/2(s,m2pi,m
2
J/ψ)λ
1/2(s,m2D,m
2
D∗) (23)
gives the total cross-section. Fixing the relevant parameters 21 and carrying this to
completion for the two models yields Fig. 3. We see an energy-dependent reduction
in the cross sections across the relevant domain and to quote a specific number we
note that at
√
s = 5 GeV the cross-section is reduced by about 40% going from the
SUV(4) model to the SUL(4)× SUR(4) model.
4 5 6
√ s   (GeV)
0
5
10
15
σ
  (m
b)
SUV(4) 
SUL(4) x SUR(4)
Fig. 3. Isospin-averaged cross-section for J/ψ + pi → (D∗ + D¯) + (D¯∗ +D).
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4. Conclusion
Modeling low-energy hadron physics is particularly challenging when there is lim-
ited experimental input available for constraints. This is the current situation in
the charm sector as the only measurement relevant for fixing coupling constants in
the model is the decay width for D∗ → Dπ 22. We have therefore invoked symme-
tries and general theorems. In particular, we have checked for full SUL(4)× SUR(4)
symmetry and the appropriate limit to test for compliance with Adler’s theorem.
We found that none of the published models can do this, and we therefore proposed
a new effective Lagrangian—the first one which does encode complete four-flavour
chiral symmetry and Adler’s theorem. Our interest here has been solely to quantify
the effect of these. A complete calculation including form factors and a longer list
of reactions is a topic for a separate study.
Since Adler’s theorem is relevant at low-energy, the near-threshold cross sections
are expected to be affected the most. We found the cross section for J/ψ + π →
(D∗ + D¯) + h.c. to be reduced as compared to a choice of Lagrangian which does
not encode the full flavour chiral symmetry and does not obey Adler’s theorem.
The reduction is energy dependent, but seems to be a few tens of percents from
threshold to
√
s = 5 GeV. In a full calculation the size of this reduction might
not persist when one takes into account not only form factors, but also abnormal
parity interactions and symmetry breaking effects (e.g. pseudoscalar masses and
non-degenerate vector mass spectrum).
Abnormal parity interactions may play an important role near threshold. Indeed,
it was shown that Adler’s theorem breaks down if a soft Goldstone boson can
be inserted on an external line. This is expected to happen for abnormal parity
Lagrangians where a V V φ vertex exists. The abnormal parity contribution to the
J/ψ + π amplitude will then not vanish in the soft limit. The problem in including
these interactions lies again in the lack of experimental data to fix the coupling
strengths.
Symmetry breaking effects are also expected to be important since the underly-
ing SUL(4)× SUR(4) is broken.
It will also be important in the future to take this formalism to completion by
implementing covariant hadronic form factors computed within the same effective
Lagrangian or perhaps other approaches. Ultimately, the outlook for this line of
study is to estimate the dissociation cross sections with all the light hadrons, with
finite size effects incorporated, and then to input the results into a dynamical model
for heavy ion reactions to finally address the question of J/ψ survivability in the
hadronic phase (primarily mesonic matter). For then, one would have a more com-
plete understanding of the J/ψ yield and therefore know what it implies about QGP
formation.
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